Abstract. The graft polymerization of acrylic acid by varying the amount of cross-linker in ranging of 0.001 g to 0.05 g was investigated. The effect of cross-linker in synthesized superabsorbent polymers (SAP) was identified in terms of water absorbency responses by keeping the values of monomer and initiator. The implementation of SAP in agriculture could develop plant growth, enhancing water retention capacity in soils which can reducing dewatering system and improved the efficiency of soil condition so higher yield of product can be obtained particularly in arid regions. The SAPs were synthesized by graft polymerization using acrylic acid (AA) as monomer, N,N'-methylene bisacrylamide (MBA) as cross-linker and ammonium persulfate (APS) as initiator. The optimum water absorbency of synthesize SAP was defined using tea-bag method in deionize water. The structures of synthesize SAP was characterized by Fourier Transform Infrared Spectroscopy (FTIR) and morphologies of synthesize SAP was examined by Scanning Electron Microscope (SEM) testing. From the result, it was obvious showed that water absorbency will decreased as the increased of concentration of cross-linker which is MBA in synthesize SAP. The best value content of MBA was 0.01 g which achieved the highest water absorbency response which is 170 g water/g sample. In conclusion, SAP has hydrophilic structure of which renders them capable for holding a large amount of water which can help to retain nutrients and absorb water in soil with various applications for plant growth and soil condition which will be useful especially in agriculture field.
Introduction
The agriculture field plays a significant role in Malaysia economic development. Basically, this sector perform as providing job opportunities especially in rustic area, stimulate rustic incomes and to make sure national food security [1] . Therefore, several initiatives were taken in order to upsurge the economic incomes of the farmers such as to improve the efficiency of the soil so higher yield of products can be obtained.
Nowadays, area with hot summer regions are confronting the issues of uncertain and inadequate rainfall which leading to water stress [2] . On the other hand, climate changes also proven to have had impacted the agricultural productivity and crops development. The uncontrollable natures of climate changes such as temperature, soil moisture and rainfall are changing all over the time will affecting yield, cultivated area and value of product [1] . On top of that, there is interest towards the usage of superabsorbent polymer for the enhancement of polymer degradability, water resources and nutrients release rate for the agriculture usage.
Superabsorbent Polymer (SAP) product has hydrophilic structures that are chemically crosslinked and has capability to absorb and holding a large amount of water or others type of liquid [3, 4] with the existent of ionic functional groups inside SAP [5] . Wherein, the crosslinking agent works to hindering them from complete solubilization [6] . SAP has discovered potential applications in numerous fields for example, hygiene products, coal dewatering, farming, wastewater treatment, food additives, disposable diapers [7] , pharmaceuticals and biomedical applications [6, 8] .
The application of SAP in agriculture is extensively been investigated. Customarily, the existent of water is a prime necessity for plantation. The good performance of plant acquired them to take as much as possible the nutrients element inside soil with the assistance of liquid water. Simultaneously, the functionalities of water can be used till maximize without any losses to exhibits the excellent rate growth development of plant. Thereby, SAP works as a controlled release agent to control the releasing of fertilizer nutrients and enhanced the efficiency of nutrients use for plant growth [2] .
Methodology
Materials. Acrylic Acid (AAc), Sodium Hydroxide (NaOH), N,N'-methylenebisacrylamide (NMBA) and Ammonium Persulfate (APS) were purchased from Sigma-Aldrich. Synthesis of Superabsorbent polymer (SAP) by graft polymerization techniques. SAP were synthesized using graft polymerization technique. The 250 ml of five-neck flask equipped with a magnetic stirrer, reflux condenser, nitrogen line and a thermometer. The flask was immersed in a water bath system and heated up to 70°C. Recent, prepared 12 ml of Sodium Hydroxide (NaOH) and 8 ml of Acrylic Acid (AAc) with 20 ml of distilled water in different measuring cylinder respectively. Then, added the solution under continuous stirring. At the same time nitrogen gas was supplied to the flask. After that, the amount of cross-linker NMBA was added to mixture and the mixture was stirred for 15 minutes. Subsequently, the gelatin was formed around 5 minutes reaction after APS initiator was added to the mixture. The gel was washed using distilled water and dried in oven for 24 hours at 105°C. Lastly, the dried gel was milled to particles size of 40-60 mesh and keep in the air tight container for testing purpose. Characterization. The morphologies of SAP were synthesized by Scanning Electron Microscopy (SEM) and the present of functional groups of SAP were analyzed by Fourier Transform Infrared Spectroscopy (FTIR). Water absorbency measurement. Water absorbency of SAP was evaluated by using Tea-bag method. Deionize water were used as a medium to test water absorbency of SAP. 0.4 g of SAP particles were weighing and immersed in deionize water at 30 minutes in the first period and followed the next 15 minutes until equilibrium reached. Afterward, the teabag was allowed to drain for a minutes to rinse off non absorbed water. Water absorbency was calculated using Eq. 1, Water Absorbency, Q (g H 2 O/g sample) = (m 2 -m 1 )/m 1 (1) Where, m 2 is the weight of tea bag after reach equilibrium and m 1 is the initial weight of tea bag before immerse in the water.
Result and Discussion
Water Absorbency. The effect of amount of cross-linker (MBA) in water absorbency of superabsorbent polymer was presented in Table 1 . All samples were run with triplicate basis to get an average result with standard error less than 5%. The optimum water absorbency (170.10 g/g) is observed at 0.01 g content of cross-linker. At this point, SAP become very loosely crosslinked networks lead to the increasing of porous formation with flexible structure which can give high facilities for water molecules attraction to the sample. This is resulting highly swollen SAP compared to others sample. Meanwhile, the absorption of SAP gradually dropped from 144.29 to 92.31 g/g when the content of cross-linker was increased from 0.015 to 0.05 g/g. This phenomenon possibly due to the crosslinked networks became rigid and compact and less porosity which denoted less swelling behaviour. Similar observation was exhibited by [5, 9] . As can see from the figure, the water absorbency is increased with the increasing of MBA content from 0.005 to 0.01 g and then it is decreased continuously with a further increase in crosslinking agent. At 0.01 g of MBA content possesses significantly high water absorption due to the excellent bonding between polymer chains simultaneously with the end of vinyl group of cross-linker MBA along the chain propagation. Customarily, this vinyl group will enhance the crosslinking density to allowing water absorption during gelation process [10, 11] . Superabsorbent polymer with higher than 0.01 g crosslinking agent gives a low water absorbency probably the reaction between polymer chain and crosslinking agent produced a rigid chain which minimize the osmosis pressure. On top of that, the structure is not allowing for swelling and holding a large amount of water. Nevertheless, at one point the sample will stop absorbing water due to it is achieved equilibrium state wherein no more porous network to accommodate water molecules and the polymer structure became fully saturated. Crosslinking density is one of the most primary parameter in hydrogel basis which can affect the swelling behaviour of superabsorbent polymer. Fourier Transform Infrared Spectroscopy (FTIR). Fig.2 shows the representative of FTIR spectra of the superabsorbent polymer (SAP) at different amount of cross-linker (MBA). From region 1, it is clearly seen a broad absorption bands in the region of wave number from 3500 up to 3200 cm -1 . This is attributed to the O-H stretching vibration. Wherein MBA0.01 was noticeably illustrated more intense and broad O-H stretching bands compared to others sample. Others than that, MBA0.01, MBA0.02 and MBA0.03 samples constitute a peak (2936.54 cm -1 ) of C-H stretching vibration at region 2. Nevertheless, most of the samples showed three characteristics band which are 1701.39, 1563.09 and 1405.56 cm -1 at region 3 represented to the carbonyl stretching of the carboxylic acid groups, symmetric and asymmetric carboxylate stretching groups. Moreover, 1563 and 1405.56 cm -1 absorption bands also reveal the polymerization of AA. It also has been reported by [9, 12] . Furthermore, the result shows that the IR spectra of SAP display the C-O groups in the range of 1200 to 1100 cm -1 at region 4. Besides, a weak band of N-H bending (765.61 cm -1 ) was illustrated at region 5.
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Advanced Materials Research and Technologies Scanning Electron Microscopy (SEM). Fig. 3 shows the SEM images of the surfaces of the SPC samples. Fig. 3 Scanning electron microscopy picture of SAP
The changes equilibrium of SAP relies on the surface of samples. Noticeably, the increasing amount of cross-linker resulted the surface morphology became smooth and tight surface. MBA0.01 illustrated multi layered and wrinkled surface compared to others. This is also denoted high surface area and capillary effect [13] . On the basis of these characteristics, MBA0.01 is more convenient surface for water penetration and interaction sites of external stimuli with hydrophilic groups of the graft copolymers. Moreover, this kind of surface will stimulate the diffusion of water into polymeric gel easier and faster due to the expanded of network voids.
Conclusion
The optimum water absorbency of SAP was successfully synthesized by graft polymerization techniques. The highest water absorbency was recorded (170.10 g water/g sample) at MBA0.01with 0.01 g of MBA content. Notably, the swelling behaviors of SAP were affected by the content of cross-linker. FTIR determined the crosslinking structure and all characteristic bands in SAP. Meanwhile, SEM characterization illustrated the changes of surfaces due to the different content of cross-linker in every samples of SAP.
